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(54) MANUFACTURING METHOD FOR LENS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for manufacturing a lens having proper 
spherical aberration without doing the shape processing of a mold over again many times when 
the lens molded using a certain mold exceeds a predetermined range of spherical aberration. 
SOLUTION: The lens is manufactured by press-molding a molding material using a mold 
including first and second molds so as to have a predetermined range of spherical aberration. 
When manufacturing, a lens design value is determined to determine a mold design value, which 
includes the shape of the molding surface of the first mold and the shape of the molding surface 
of the second mold and the distance between the first and second molding surfaces (the 
distance between both molds), on the basis of the lens disign value. A tentative mold is formed 
according to the mold design value and the molding material heated and softened using the 
formed tentative mold to obtain a tentative lens to measure the spherical aberration value of 
the obtained tentative mold. When the spherical aberration 2 value of the tentative mold 
exceeds the predetermined range, the correction value of the distance between molds is 
calculated and the distance between molds of the tentative mold is corrected to press-mold 
the molding material. 
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* NOTICES * 

JPO and I MP IT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

In this invention, press forming of the molding raw materials, such as glass and a plastic, is carried 
out using a die. 

Therefore, it is related with the method of manufacturing a lens. 

Especially this invention relates to a process suitable for especially manufacture of single lenses, 
such as pickup lenses for optical discs, such as CD and DVD, about the precision high press of the 
accuracy of form and profile irregularity which make it unnecessary to perform grinding and polish 
after shaping. 
[0002] 

[Description of the Prior Art] 

There is the following advanced technology about production of the die for fabricating a lens with 

predetermined optical performance, and judgment and amendment of the accuracy 

[0003] 

In making a production model, the method forjudging whether a mass production provisional type 
can produce the lens of the spherical aberration in tolerance level using a standard type, without 
performing a mass production provisional type press is indicated by JP,2002-96332,A. However, in 
order to apply this method, it is necessary to produce the standard type which has the optical 
performance in tolerance level first, and what creates two or more production models and can be 
further used for mass production from that inside must be judged and extracted. 
[0004] 

The method of designing a forming mold is indicated in JP,2002-96344,A. A provisional forming mold 
is created based on a predetermined geometric design value, a lens is fabricated in this method by 
it, and the optical property of the fabricated provisional lens is measured. As compared with the 
optical property of a request of the measured value of this optical property, the amount of gaps of 
that spherical aberration is detected, The relation between the very small variation of a high order 
paragraph and the amount of change of a spherical aberration value is tested by comparison on the 
table for which it asked beforehand among the aspheric surface constants of the formula which 
specifies an aspheric surface for the amount of gaps of the aspheric surface aberration value 
[ optical property / desired ] shifted as a result of detection. As a result, very small variation of a 
high order paragraph is made into the amount of adjustments among corresponding aspheric surface 
constants, this amount of adjustments is added to the aspheric surface constant of the aspheric 
surface type of a provisional forming mold, and a forming mold is designed as a new geometric 
design value. 
[0005] 

It is necessary to prepare the table which asked for the relation between the very small variation of 
the high order paragraph of the aspheric surface constant of an aspheric surface type, and the 
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amount of change of a spherical aberration value beforehand in this method. And in order to verify 
the accuracy of this table, many molds are processed, and it is necessary to press various lenses 
and to measure optical performance in large numbers, by it. 
[0006] 

[Problem(s) to be Solved by the Invention] 

In the design stage which fabricates the lens which has a surface of a sphere or an aspheric 
surface, Based on the optical performance needed for a lens, the optical constant (a refractive 
index, distribution) of a lens material is determined, and also the lens design value containing the 
shape of the 1 st page of a lens and the 2nd page (all are fields including an optical functional face) 
and lens thickness is determined. Based on it, the designed value of the die for fabricating it is 
determined. Since the coefficient of thermal expansion of glass differs from the coefficient of 
thermal expansion of a die, for example in that case in the case of a glass lens, based on the above- 
mentioned lens design value, the element which influences shaping of contraction of the glass after 
a press, etc. is also woven in further, and the designed value of a mold is determined. 
[0007] 

To a lens design value, the permissible error (common difference) over the optical performance of a 
lens is usually defined. Especially the object lens used for the pickup light study system for optical 
discs has the dramatically narrow common difference of each parameter provided in specification. 
Therefore, the transmitted-wave-front aberration permitted may be unable to be satisfied by slight 
change of the heat contraction action which the glass used as a raw material shows, either. 
[0008] 

When shape working of the mold material is carried out based on the designed value of a mold, even 
if it has and carries out precision processing, gap may arise between die design values. And when 
pressed using the mold [ value / die design ] shifted, the optical performance (for example, spherical 
aberration) of a lens may exceed tolerance level. 
[0009] 

the lens obtained by carrying out press forming using the mold even when shape working of the mold 
as the designed value of a mold was carried out — the original lens design value — being in 
agreement — it does not become — there is a case (for example, a spherical aberration exceeds 
tolerance level). As for this, the thermal expansion of a glass material or a mold material and 
contraction have many influencing factors, and since an indefinite element follows on each factor, it 
is for change of the refractive index resulting from the cooling rate at the time of a press, etc. to 
break out. 
[0010] 

It becomes a burden also with a big delivery date top and cost top to design a die again and to 

reprocess it at such time. 

[0011] 

Then, without redoing the shape working of a die repeatedly, when the lens fabricated using a 
certain die has exceeded the spherical aberration of a prescribed range, the purpose of this 
invention is amended simple only by easy reworking, and there is in providing the method that the 
lens which has a proper spherical aberration can be manufactured. 
[0012] 

[Means for Solving the Problem] 

This invention which solves an aforementioned problem is as follows. 

[Claim 1] In how to manufacture a lens which carries out press forming of the molding raw material 
using a die containing a mold which has a mold which has the 1st die surface, and the 2nd die 
surface, and has a spherical aberration of a prescribed range, 
A lens design value is determined, 

Based on this lens design value, a die design value including distance (henceforth distance between 
molds) between shape of said 1st die surface, shape of the 2nd die surface, the 1st die surface, and 
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the 2nd die surface is determined, 

A provisional die is produced according to this die design value, 

Press forming of the molding raw material which carried out heat softening using a produced 

provisional die is carried out, and a provisional lens is obtained, 

A spherical aberration value of an obtained provisional lens is measured, 

When spherical aberration measured value of a provisional lens exceeds said prescribed range, 
correction value of distance between said molds is calculated, 

Distance between molds of said provisional die is amended, and press forming of the molding raw 
material is carried out, 

A manufacturing method of a lens obtaining a lens which has a spherical aberration in said 
prescribed range. 

[Claim 2] The manufacturing method according to claim 1 with which a lens design value is set up so 
that a lens may have desired optical performance. 

[Claim 3] The manufacturing method according to claim 1 or 2 including that amendment of distance 
between molds of a die design value amends distance between molds of a die design value based on 
lens thickness which amended lens thickness of a lens design value based on the amount of gaps 
from a predetermined value of a spherical aberration value of an obtained provisional lens, and also 
was amended. 

[Claim 4] Manufacturing method given in any 1 paragraph of claims 1-3 in which a lens design value 
contains a refractive index of a molding raw material, shape of the 1st page of a lens, shape of the 
2nd page, and lens thickness. 

[claim 5] — a refractive index of a molding raw material of a lens design value is a refractive index 
at a predetermined cooling rate of this glass — and 

Cooling of a press-forming article after press forming which obtains a provisional lens and which is 
performed for accumulating is performed with said predetermined cooling rate and a different cooling 
rate, 

As a result, the manufacturing method according to claim 4 with which spherical aberration 
measured value of a provisional lens exceeds said prescribed range. 

[Claim 6] Manufacturing method given in any 1 paragraph of claims 1-5 in which spherical aberration 
measured value of a provisional lens exceeds [ in obtained shape of the 1 st page or the 2nd page of 
a provisional lens ] a prescribed range unlike shape of the 1st page or the 2nd page of said lens 
design value as a result. 

[Claim 7] In how to manufacture a lens which carries out press forming of the molding raw material 
using a die containing a mold which has a mold which has the 1st die surface, and the 2nd die 
surface, and has a spherical aberration of a prescribed range, 
A lens design value is determined, 

Based on this lens design value, a die design value including distance (henceforth distance between 
molds) between shape of said 1st die surface, shape of the 2nd die surface, the 1st die surface, and 
the 2nd die surface is determined, 

A provisional die is produced according to this die design value, 

Obtained shape of the 1st die surface of a die and the 2nd die surface is measured, 

From shape of a measured die surface, a spherical aberration value of a lens fabricated by it is 

predicted, 

When a predicted value of a spherical aberration exceeds the above-mentioned prescribed range, 
correction value of distance between said molds is calculated, distance between molds of said 
provisional die is amended, and press forming of the molding raw material is carried out, 
A manufacturing method of a lens obtaining a lens which has a spherical aberration in said 
prescribed range. 

[Claim 8] The manufacturing method according to claim 7 with which a lens design value contains a 
refractive index of a molding raw material, shape of the 1 st page of a lens, shape of the 2nd page, 
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and lens thickness. 

[Claim 9] The manufacturing method according to claim 7 or 8 performed by determination of a die 
design value considering a coefficient of thermal expansion of glass based on a lens design value. 
[Claim 10] Manufacturing method given in any 1 paragraph of claims 1-9 whose lenses are pickup 
lenses for optical discs. 

[Claim 11] Manufacturing method given in any 1 paragraph of claims 1-10 whose prescribed range of 
a wavefront aberration is 0.04 or less lambda rms. 

[Claim 12] Optical pickup which equips any 1 paragraph of claims 1-1 1 with a lens manufactured by 

a method of a statement. 

[0013] 

A manufacturing method of this invention is a method of manufacturing a lens which carries out 
press forming of the glass material using a die containing a mold which has a mold which has the 1 st 
die surface, and the 2nd die surface, and has a spherical aberration of a prescribed range. 
A kind (construction material) of die containing a mold which has a mold which has the 1st die 
surface used for a manufacturing method of this invention, and the 2nd die surface, structure, a kind 
of glass material and shape, a method, conditions of press forming, etc. can use a publicly known 
thing as it is. 

As for a spherical aberration, it is most preferred that it is 0 (zero), and a prescribed range 

permitted is suitably determined according to a use of a lens manufactured. 

When a lens is a pickup lens for optical discs, for example, a prescribed range of a spherical 

aberration is suitably determined in 0.04 or less lambda rms, for example. 

[0014] 

Hereafter, a case where a glass material is used for a manufacturing method of this invention as a 
molding raw material is explained to an example. As a molding raw material, a plastic material etc. 
can be mentioned in addition to a glass material. 
[0015] 

In a manufacturing method of this invention, 

(1) Determine a lens design value, 

(2) Determine a die design value including distance (namely, distance between molds) between shape 
of said 1st die surface, shape of the 2nd die surface, the 1st die surface, and the 2nd die surface 
based on this lens design value, 

(3) Produce a provisional die according to this die design value. 
[0016] 

A lens design value contains a refractive index of glass, shape of the 1st page, shape of the 2nd 
page, and lens thickness, for example. A lens design value is set up so that a lens may have desired 
optical performance. 

In this invention, the 1 st page of a lens is made into a field fabricated by the 1 st die surface, and the 
2nd page of a lens is made into a field fabricated by the 2nd die surface. 

Although a die design value is determined based on a lens design value, heat contraction (coefficient 
of thermal expansion) of a glass material used as a raw material is also taken into consideration in 
that case. 

A conventional shape working method can be used for production of a provisional die according to a 

die design value as it is. 

[0017] 

In a manufacturing method of the 1st mode of this invention, it ranks second, 

(4) Carry out press forming of the glass material which carried out heat softening using a produced 
provisional die, and obtain a provisional lens, 

(5) Measure a spherical aberration value of an obtained provisional lens, 

(6) When spherical aberration measured value of a provisional lens exceeds said prescribed range, 
calculate correction value of distance between said molds. 
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[0018] 

Press forming of a provisional lens using a provisional die is performed on the same conditions as a 
manufacturing method of a actual lens except using a provisional die. 

Measurement of a spherical aberration value of an obtained provisional lens can be performed by a 
publicly known method, for example, can be measured using a wave aberration measuring device. 
When spherical aberration measured value of a provisional lens exceeds said prescribed range, 
correction value of distance between said molds is calculated. In this invention, it is the feature to 
amend only distance between molds in a die design value, to correct a spherical aberration so that it 
may become a prescribed range, to amend lens thickness obtained by that cause, and to produce a 
lens with a spherical aberration in tolerance level (prescribed range). 
Here, lens thickness means thickness of the central part of a lens. 
[0019] 

For example, based on the amount of gaps from a predetermined value of a spherical aberration 

value of an obtained provisional lens, lens thickness of a lens design value can be amended, and 

amendment of distance between molds of a die design value can be performed by amending distance 

between molds of a die design value based on amended lens thickness. 

Although a predetermined value here is a value of arbitrary standards in a prescribed range, a 

spherical aberration usually makes a standard zero. 

[0020] 

In this invention, distance between molds is the distance between die surfaces when a glass material 
is pressed with a die of a couple, for example, it can be considered as centre distance of the die 
surfaces in a position which a mold of a couple approached most. 

In the case of a die which has the structure which is stopped in contact with a drum mold in a 
position which a fluctuated type approached most, for example, amendment of distance between 
molds can be performed by changing a drum mold or a part of [ the ] length. When performing the 
other means, for example, fluctuated type positioning, using position controls, such as a servo 
motor, it is amending the control program, and distance between molds may be adjusted and lens 
thickness may be adjusted. 
[0021] 

In a manufacturing method of the 1 st mode of this invention, it ranks second, 

(7) Amend distance between molds of said provisional die, and carry out press forming of the glass 
material, 

(8) This obtains a lens which has a spherical aberration in said prescribed range. 
[0022] 

When deciding a lens design value, it is a premise to decide a refractive index of a raw material to be 
used. However, in press forming, changing a refractive index is known with a cooling rate adopted by 
a cooling process after a press. If a cooling rate is quick, specifically, a value of a refractive index 
will fall. And for example, a spherical aberration of a provisional lens can exceed a prescribed range 
due to decline in this refractive index. Even in such a case, according to this invention, lens 
thickness can be adjusted by using a die which amended distance between molds, and a lens which 
has a spherical aberration in a prescribed range can be produced. 
[0023] 

Namely, a refractive index of glass of a lens design value is a refractive index of glass which cooled 
and obtained this glass at a predetermined cooling rate, And cooling of a press-forming article after 
press forming which obtains a provisional lens and which is performed for accumulating, Also when it 
is carried out with said predetermined cooling rate and a different cooling rate and spherical 
aberration measured value of a provisional lens exceeds said prescribed range as a result, in a 
manufacturing method of this invention, a lens which has a spherical aberration in a prescribed range 
can be produced. 
[0024] 
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Since a coefficient of thermal expansion of glass and a coefficient of thermal expansion of a die 
from which obtained shape of the 1st page or the 2nd page of a provisional lens constitutes a lens, 
for example are different, Also when spherical aberration measured value of a provisional lens 
exceeds a prescribed range unlike shape of the 1st page or the 2nd page of a lens design value as a 
result, in a manufacturing method of this invention, a lens which has a spherical aberration in a 
prescribed range can be produced. 
[0025] 

Thus, even when a spherical aberration has exceeded tolerance level according to the 
manufacturing method of this invention. In order to store in tolerance level regardless of whether 
there was any factor which the reason cannot finish reading to an action of heat contraction of 
glass and a mold, or there was any problem in accuracy of mold processing, it is not necessary to 
repeat mold processing and a lens which has a spherical aberration in tolerance level can be 
manufactured by correction of only lens thickness. 
[0026] 

In a manufacturing method of the 2nd mode of this invention, after performing (1) - (3) in a 
manufacturing method of the first mode, lens thickness correction calculation from mold 
configuration measurement data is performed as follows. 

(4') Obtained shape of the 1 st die surface of a die and the 2nd die surface is measured, 

(5') From shape of a measured die surface, a spherical aberration value of a lens fabricated by it is 

predicted, 

(6') When a predicted value of a spherical aberration exceeds the above-mentioned prescribed 

range, correction value of distance between said molds is calculated. 

[0027] 

While being cooled by room temperature from a hot press, a lens is contracted, but in consideration 
of this contraction, die design values (geometric design value of the 1st page and the 2nd page, etc.) 
are decided. A mold configuration error and a lens side shape error by heat contraction have 
correlation. If correlation of a mold configuration and a lens wavefront aberration is already grasped, 
a mold configuration error can be defined on optical design soft, shape of the 1 st die surface of a 
die and the 2nd die surface can be measured, and, as a result, a wavefront aberration can be 
calculated according to the ray tracing method (prediction). When a predicted value of a spherical 
aberration exceeds said prescribed range, correction value of distance between molds in a die 
design value is calculated. Correction value of distance between molds can be calculated like a 
manufacturing method of the 1 st mode of the above. A commercial thing can be used for optical 
design software as it is, for example. 
[0028] 

For example, if same calculation is performed with having carried out in the embodiment mentioned 
later from the 3rd spherical aberration of a wavefront aberration, optimal lens thickness can be 
found. Namely, what is necessary is to measure a mold configuration, to compute optimal distance 
between molds and just to correct between molds that the wavefront aberration should be made the 
minimum, predicting a wavefront aberration of a lens by which press forming is carried out with the 
mold. 
[0029] 

This method is effective when adding a die which already has a track record in mass production. 
Since a contraction action of glass and a mold is grasped beforehand, even if it does not actually 
carry out press forming of the provisional lens, a wavefront aberration can be made small only by 
adjusting distance between molds of a die (as a result lens thickness). 

By measuring shape of each metallic mold of the 1st page (R1 page) and the 2nd page (R2 page) 
among dice produced to mass production, combination of optimal metallic mold that makes a 
wavefront aberration the minimum out of a plurality type can be calculated, and a yield of a metallic 
mold can also be raised. [ two or more ] 
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[0030] 

Subsequently, it is the same as that of a manufacturing method of the 1 st mode of this invention, 
(7') Distance between molds of said provisional die is amended, and press forming of the glass 
material is carried out, 

(8') This obtains a lens which has a spherical aberration in said prescribed range. 
[0031] 

[Embodiment of the Invention] 

The pickup lens for optical discs which can be manufactured by press forming with the application of 
this invention, and its optical-path figure are shown in drawing 1 . Although the acceptable value of a 
spherical aberration is less than 0.04lambdarms, the spherical aberration of the lens on a designed 
value is zero. 
[0032] 

Optical design software (CODE V etc.) shows change of the lens wavefront aberration by change of 
lens thickness to drawing 2 among the design datas of this lens. 
It is here, 

WFE: Wavefront aberration synthesis value, 
The spherical aberration of 3:3rd SA, 
The spherical aberration of 5:5th SA, 
The spherical aberration of 7:7th SA, 
The spherical aberration of 9:9th SA. 
A unit is lambdarms. 

Drawing 2 shows that the 3rd spherical aberration is dominant in the relation between a wavefront 
aberration synthesis value and lens thickness. With this lens 
[Equation 1] 

SA3/deltat=-0.01 lambda rms/mu m 

It comes out and a certain thing is understood. 

[0033] 

On the other hand, shape (the 1 st page, the 2nd page) of a die was determined, mold processing was 
performed based on a lens design value of this lens, and a provisional die was produced. Press 
forming of the gl ass material which actually carried out heat softening was carried out using this 
provisional die, and a provisional glass lens was obtained. 

A die used by the above-mentioned press forming provides a release film of carbon in a fluctuated 
type die surface which consists of SiC produced with a CVD method. As a glass material, preforming 
which preformed M-NBFD82 by Hoya Corp. to a globular form was used. On the occasion of press 
forming, it was considered as press temperature of 645 **, and pressing pressure 2 of 1 40kg/cm, 
and cooled by 60 ** / min. 
[0034] 

With a wave aberration measuring device (made by Zygo), optical performance of an obtained 
provisional lens is measured and is shown in drawing 3 . Here, they were WFE=0.1 21 lambdarms and 
SA3=-0.114lambdarms. WFE was over 0.04lambdarms which is tolerance level. Here, asymmetrical 
aberrations, such as ASU and a top, are amended and WFE is substantially considered on a par with 
a spherical aberration. That is, it turns out that it cannot predict at the time of a lens design, but 
either shape of a fabricated lens or a refractive index etc. differ from a designed value by a factor 
which was not being taken into consideration. Then, below was asked for correction value of 
distance between molds in order to bring a spherical aberration close to zero by lens thickness 
amendment. 
[0035] 

A lens thickness correction amount uses the amount of gaps of the 3rd spherical aberration, 

It can ask with deltat=-0.1 14/0.01 =-1 1 .4micrometer. 

[0036] 
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Then, in order to change lens thickness only -1 1.4 micrometer, a die (distance between molds) was 
corrected. That is, in order to change distance between molds of a die (between molds approaches 
most when a punch and a bottom part contact a drum mold) which governs lens thickness, 1 1 .4 
micrometers of height of a drum mold were deleted. And with a die which corrected distance 
between molds, conditions other than distance between molds were made the same, press forming 
of the same glass material was carried out, and a glass lens was obtained. 
[0037] 

Wavefront aberration data of an obtained lens is shown in drawing 4 . 
They were WFE=0.034lambdarms and SA3=-0.003lambdarms. 

A lens of below 0.04lambdarms and acceptable value within the limits was obtained for WFE, without 
reprocessing the whole metallic mold, as a result of SA3 being amended by correction of distance 
between molds. 
[0038] 

Although a relation with lens thickness performed lens thickness adjustment in the above- 
mentioned example based on the 3rd dominant wavefront aberration, measured wave side aberration 
data of Zygo etc. can be incorporated into optical design software (CodeV etc.), and lens thickness 
correction calculation can also be performed. In this case, it is easily possible to take into 
consideration a five or more SA high order spherical aberration. 
[0039] 

[Effect of the Invention] 

According to this invention, the lens which has a desired spherical aberration is obtained, without 
redoing processing of a mold from 1 , even when obtaining the lens which has desired optical 
performance, especially a spherical aberration and the spherical aberration of the provisional lens 
which carried out press forming using the die produced based on the designed value is not a 
prescribed range less or equal. 

Especially this invention is effective when the angle of inclination of the 1 st page or the 2nd page of 
a lens is large especially (for example, not less than 40 degrees), the lens (for example, pickup lens 
for optical discs) of laser optical systems with which the manufacturing method of this invention has 
an aspheric surface in the 1 st page or the 2nd page — it is effective in especially manufacture of a 
single lens. 

It is because a wavefront aberration (a spherical aberration is included) can be searched for with a 
wave aberration measuring device and the mold distance of a die can be amended based on this 
value. 

[Brief Description of the Drawings] 

[Drawing I jThe pickup lens for optical discs which can be manufactured by press forming with the 

application of this invention, and its optical-path figure are shown. 

[Drawing 2]Change of the lens wavefront aberration by change of lens thickness. 

[Drawing 3] Optical performance of the provisional lens measured with the wave aberration 

measuring device. 

[Drawin g 4]Optical performance of the lens fabricated with the die which corrected the die design 
value measured with the wave aberration measuring device. 



[Translation done.] 
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